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THE PRESENCE of single tumour cells
in the spleens of tumour-bearing hamsters
(TBH), not as organized metastatic
foci, suspected when these organs were
dispersed for cytotoxicity tests, as per-
formed in the previously described cloning
technique (Hellstrom & Sjogren, 1965).
A systematic histological study of the
lymphoid organs of Syrian hamsters was
subsequently undertaken during the de-
velopment oftumours induced by inocula-
tion with SV40-transformed cells.
Careful examination of semi-thin sec-
tions (15 ,um) of the spleen allowed us to
identify tumour cells in the splenic reticu-
lum. We never observed these as organized
metastases, but cells of neoplastic origin
were recognisable by their large size,
scattered throughout the reticulum. Their
frequency varied from 1/10,000 to 1/200
cells depending upon the size of the
tumour.
We were interested to determine when,
during the evolution of the tumour, neo-
plastic cells first appeared in the splenic
reticulum, and to evaluate the significance
of these cells, the clinical consequence of
which may be considerable should the
same phenomenon occur in man.
We used Syrian hamsters (Cricetus
aureatus), newborn or 2 months old, from
the breeding facilities at our institute.
The following previously described cell
lines were used: TSV5Cl2 transformed in
vivo by SV40 (Tournier et al., 1967), EHB
spontaneously transformed hamster fibro-
blasts (Brailovsky, personal communica-
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tion), CT54transformed invitrobypolyoma
virus (Meyer et al., 1969) and ZDL,
derived from syngeneic hamster embryo
fibroblasts transformed in vitro by SV40
(manuscript in preparation).
Tumours were induced by injecting
cells from the different cell lines into the
animal's right flank. One poorly differen-
tiated transplantable hepatoma (Na) was
induced by administering nitrosamine to
weanling hamsters and maintained by
serial transplantation.
Histological examination was performed
as described previously (Loisillier et al.,
1977).
The following antisera were used for
immunological studies:
(a) rabbit anti-hamster immunoglobulin
serum (RaHIgG);
(b) rabbit anti-TSV5Cl2 (RaC12);
(c) fluorescent sheep anti-rabbit immuno-
globulin serum (FSaRIgG) obtained
from the Institut Pasteur (Paris) (de
Vaux St Cyr et al., 1977). Serial spleen
sections were treated in two ways:
incubation with RaHIgG followed by
FSaRIgG, and incubation with RaCl2
and FSaRIgG.
Culture ofthe different tumour cell lines
was initiated from dispersed spleens of
TBH. The cells were suspended in MEM
supplemented with 10% newborn-calf
serum.
After the injection of TSV5Cl2, CT54 or
EHB, a fibrosarcoma developed at the
point of inoculation after a length of timeTUMOUR CELLS IN SPLEENS OF TUMOUR BEARERS
which varied considerably. Tumour weight
appeared to be a more constant parameter
than time from inoculation. Disseminated
metastases generally appeared for a
tumour weight of 15 g, whereas tumour
cells could be found in the spleen for a
tumour weight of 058 g.
These tumour cells were never organized
metastases but always isolated cells. The
same observation was made for the hepa-
toma Na.
The first direct evidence for the presence
of tumour cells in the spleen of TBH was
obtained by injecting suspensions of
splenic cells into newborn hamsters. Each
animal received the cell equivalent of
half a spleen. Tumour take was about
100,% for spleens from hamsters bearing
tumours weighing at least 5 g, and 80%
for lower tumour weights.
The lowest tumour weight tested was
a Natumour of0 8 g from which thesplenic
injections gave rise to tumours on Day 20
at the point ofinoculation in both animals.
It seems therefore that, whatever the
origin of the tumour, the presence of
tumour cells in the spleen is a consistent
and early phenomenon.
Furthermore, the tumour obtained by
inoculation of splenic cells had the same
anatomopathological characteristics as the
original tumour, and the same immuno-
logical markers.
The second direct evidence was the easy
initiation of continuous tumour cell lines
from suspensions ofspleen cells from TBH.
The third direct evidence was the pres-
ence of immunological markers. Examina-
tion of semi-thin sections of the spleen
allowed us to see 2-3 tumour cells per
microscope field (Fig. 1) which showed,
in immunofluorescence studies, the pres-
ence of the SV40-induced antigens (Fig.
2): tumoral antigens (or T antigen) for
TSs5CJ2, ZDL, CT54 and membrane anti-
gens.
The spleen sections of TBH whlere
shown (de Vaux St Cyr et al., 1977) to
contain numerous IgG-synthesizing cells;
at the beginning of the tumour graft they
are plasma cells; at the end, they are
young lymphocytic cells.
Lic. 1. Spleen section (15 am). Aot .o c. . x 400
Fic.. I.-Spleen section (1 ,5 [km). A solitarv tuimoui- cell is seen-. x 400.
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FIG. 2. Spleen section (1-5 gum). A tumour cell is stained by an antiserum against SV40-
inlduced antigen x 400.
The spleens ofhamstersbearing tumours
of different origin (EHB, TSV5CI2, ZDL,
CT54, Na) consistently contain neoplastic
cells scattered throughout the splenic
reticulum from early in the growth of the
tumour. Their number increases in propor-
tion to the weight ofthe tumour. The pres-
ence of tumour cells at the centre of an
organ housing cells of immunological
function poses several problems: are they
alive, and why?
When examined either histologically
or by fluorescence, tumour cells are rarely
seen in the process ofdestruction. Further-
more, the grafting or the culture of these
splenic tissues, even in the case oftumours
of minimal weight, allows the multiplica-
tion ofcells resembling those ofthe original
tumour. They are therefore malignant and
living.
The presence of thymus-dependent cells
in the periarteriolar spaces at the outset
of the growth of the tumour graft is not,
however, sufficient in itself to destroy all
the tumour cells in the spleen. We must
state (unpublished results) that in this
tumour system it has never been possible
to demonstrate in vitro cell-mediated
cytotoxicity (CMC) either by 51Cr (Brun-
ner et al., 1976) or 3H-proline release (Saal
et al., 1976).
Forreasons atpresentunknown,itseems
that the CMC functions poorly in the
spleen in the early stages of the splenic
evolution of a tumour bearer. This may
be more understandable in the late stage
when the thymus-dependent areas have
disappeared (de Vaux St Cyr et al., 1977).
Another question is: Why do the cells
remain isolated?
The presence ofa cytostatic factor might
explain why the tumour cells are not
organized into metastatic foci inthespleen.
Possibly the cells are maintained in Go
either by cells with cytostatic activity or
by a secreted factor. Their culture or
grafting may allow them to recover their
proliferative capacity.
As cytostatic factors one could hypo-
thesize suppressive cells, humoral anti-
596TUMOUR CELLS IN SPLEENS OF TUMOUR BEARERS 597
bodies or antigen-antibody complexes,
the presence ofwhich has been demonstra-
ted particularly in the case of tumours
induced by the inoculation of TSV5Cl2
cells.
But the best candidates are the cells
with cytostatic activity on tumour cells,
which have been demonstrated by Had-
dada et at. (in preparation).
It may be also asked whether the spleen
of TBH is a reservoir for malignant cells.
After tumour resection, considering the
earlypresence oftumour cellsinthe spleen,
metastasis might develop by release of
these tumour cells into the bloodstream.
This might pose an important medical
problem if a similar phenomenon also
occurred in man.
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